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VISUAL LOCALIZATION IN THE HORIZONTAL PLANE 


WINFORD L. SHARP 
Received June 21, 1930; published August 30, 1930 


Casual observation indicates that one can, with a fair degree of 
accuracy, determine when a visual object is in the same horizontal 
plane with the eyes, or as commonly put, when an object is on a 
level with the eyes. That this ability is dependent in some 
measure upon environmental cues seems evident. The question 
arises, does an individual when prevented from using these external 
aids give evidence of this same ability to any considerable degree; 
that is, are there any internal cues, for example kinaesthetic 
cues such as furnished by the ocular muscles, which function in 
such a situation? In this paper I am reporting a preliminary 
investigation of the matter. Answers relating to two questions 
were sought: (1) What ability does an individual have for ascer- 


taining that an object is in the same horizontal plane as the eyes 
when the usual external aids are lacking? (2) Does practice im- 
prove an individual’s ability in this function? 


THE APPARATUS 


The nature of the problem necessitated the use of a dark room, 
with a small point of light as the visual object. An adaptation 
of the psycho-physical method of ‘‘average error” was used. Two 
pieces of apparatus were needed: first, a device for displaying a 
small point of light at varying heights; second, a suitable device 
for keeping the subject’s head in the normal position with his 
eyes at a fixed level. 

To meet the first need I devised a “homolometer,’’ as I have 
called it for convenience. This consists essentially of an upright 
standard, 234 em. in height, constructed of two pieces of lumber 
so arranged as to form a guide or track in which a small carriage 
slides. By means of a simple windlass arrangement this carriage 
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can be-raised or lowered through a perpendicular distance of 120 
em. It supports a small metal box which contains a 15 watt 
lamp; a dim point of light is emitted by virtue of a circular hole, 
2 mm. in diameter; the light intensity is reduced by means of 
several thicknesses of frosted glass. A short strip of metal, 
serving as an indicator, is fastened rigidly to one side of this light 
carriage at a point exactly even with the light; it extends hori- 
zontally and passes directly in front of a long strip of record paper, 
which is fastened in a convenient manner to the upright standard. 
By means of this indicator the experimenter, even in the darkness, 
ean determine and record the setting of the light which the 
subject has judged to be level with his eyes. With the true level 
marked on this record strip it is an easy matter for the experi- 
menter to measure accurately the magnitude of the errors of 
judgment. 

To meet the second need asubstantial platform was constructed ; 
height 34 em., width 79 em., and length 96 em. Toward the 
front of this platform at a convenient height for a seated subject, 
a rigid bar or shelf was fixed, bearing a screen with an aperture, 
8.5 em. x 3.5em. The bar serves as a head rest and by use of it 
the subject’s head may be so adjusted as to bring the eyes to a 
constant locus just behind the aperture. Simple measurements 
were made to ascertain the normal head posture of each subject 
as he stood in his usual erect position, the chin and the tip of the 
nose being used as reference points. By means of such measures 
I was able to reproduce the normal head posture of each subject 
when the head was properly adjusted in the head rest. 

These two pieces of apparatus were set up in a dark-room. In 
this experiment the observation platform was so placed that the 
subject’s eyes were exactly three meters from the homolometer, 
and 148 em. above floor level. The point on the homolometer 
scale which was exactly level with the subject’s eyes was ascer- 
tained by means of an accurate spirit level. Once ascertained, 
of course it did not change; though I took the precaution to check 
it several times during the course of the experiment. 
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SUBJECTS : 


Seventeen subjects were used, all of whom were students in 
Denison University, with the single exception of one faculty 
member; ten were men and seven were women. Certain of them 
wore glasses, but this seemed to make no difference in the results. 
In table 1, an asterisk indicates those who wore glasses. 


PROCEDURE 


With the head measures taken and the subject seated in proper 
position on the observation platform, the needed instructions 
were read to him. The room light was turned off and in order 
that the subject’s eyes might become dark adapted, he sat in 
darkness for several minutes before proceding. Then the homo- 
lometer light was turned on, thus presenting a small point of 
light to the subject, either above or below the level of his eyes. 
At his instructions the experimenter raised or lowered it until the 
subject declared it level with his eyes. A slow and uniform move- 
ment of the light was maintained at all times. Immediately after 
each judgment the light was darkened while the experimenter 
recorded the setting on the record strip and moved the light 
carriage to a new setting. Again the light was presented and 
the experimenter raised or lowered it at the instructions of the 
subject until he believed it level with his eyes. Six series of 
twelve judgments each, or 72 judgments in all were made at 
each sitting. A brief rest period of approximately two minutes 
(with room illuminated) was had between the third and fourth 
series, while the experimenter was changing the record strip. 
The usual precautions for avoiding ‘‘space errors” were observed ; 
that is, the light was presented an equal number of times from 
each of the three different positions above the true level and 
below the true level, after an order determined by chance. At 
no time did the subject see the homolometer since it was shielded 
by a curtain whenever the room was illuminated. Nor did the 
subject know at any time anything about the nature of the errors 
he was making. Every known precaution was taken to guard 
against assistance from external sources. 
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PRESENTATION AND DISCUSSION OF DATA 


I. What ability does an individual have for ascertaining that an 
object is in the same horizontal plane as the eyes, when the usual 
external cues are lacking? 

As an adequate measure of asubject’s ability in judging when the 
point of light stood at a level with his eyes I have calculated the 


TABLE 1 
Showing the most probable locus of the estimated level for each subject 
| AVERAGE 
NUMBER OF JUDGMENTS 
SUBJECTS JUDGMENTS 8.D. 
Average forall subjeets's —4.42° 2.30 15.4 


most probable locus of his judgments. That is, the mean of the 
errors was found, taking into account the algebraic signs, an 
error above the true level being designated as positive and an 
error below as negative. The most probable locus I have termed 
the ‘‘average estimated level.’’? An examination of the data 
summarized in table 1 reveals the following facts. 
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(1) Individuals differ in marked degree with respect to their 
ability to judge when the point of light is level with the eyes. 
This is indicated by the wide range of the average estimated 
levels; it extends from 3.73 degrees above the true level for Mr. 
N. to 7.91 degrees below the true level for Mr. J., making a total 
range of 11.64 degrees. The true level is approximated by a 
single individual, Mr. O., whose average estimated level is —0.41 
(+0.13) degrees; 58 per cent of his judgments fell below the true 
level. The sixteen remaining subjects definitely miss the true 
level. 

(2) The tendency to make the constant error of dropping the 
estimated levels below the true levelis obvious. The average 
estimated level for all subjects is 4.42 (S. D., 2.30) degrees below 
the true level, a difference sufficiently great to warrant the state- 
ment that it can not be due to chance. Only two of the seventeen 
subjects, Miss F. and Mr. N., show an average estimated level 
above the true level; the average estimated level of the other 
fifteen subjects fell consistently, below the true level. In fact, 
seven of this number never went above the true level in a single 
judgment; six others went above the true level in only 5.8 per 
cent of their judgments. Of all judgments made, but 15.4 per 
cent were above the true level. 

(3) The amount of error seems to be a function of the direction 
of movement of the point of light. This is clearly shown by the 
scores of the eight individuals who served at two or more sittings; 
these data are presented in table 2. 

(a) The average estimated level is uniformly lower when a 
downward movement of the point of light is involved than when 
an upward movement is required. I have calculated the average 
estimated level for all judgments when the starting position of the 
light was above the true level and hence necessitated lowering to 
bring it to the true level; such judgments are termed “down- 
ward.” Likewise I have calculated the average estimated level 
for all judgments requiring a raising of the light, terming them 
“upward.” It is seen that in each case the downward judgments 
are lower on the homolometer scale. This means that all subjects, 
excepting Miss F., missed the true level more on downward 
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judgments than on upward judgments. For subject C. who 
exhibited the least difference in this respect, a difference of 1.19 
degrees is found; while for subject E. the difference amounts to 
3.60 degrees. The average estimated level for all downward 
judgments is 5.82 degrees below the true level, and for all upward 
judgments it is 3.47 degrees below, making an actual difference 
then of 2.35 degrees. 

(b) The average estimated level is nearer the true level when 
the direction of movement of the light is opposite to the direction 
of the subject’s constant error. An examination of the data 


TABLE 2 
Showing the most probable locus of the estimated level in judgments when downward 
movement of the point of light was involved, and when upward movement 
was involved 


DOWNWARD JUDGMENTS UPWARD JUDGMENTS 

SUBJECT 
Number | ed 8.D. Number 
A 108 ~7.04° 1.94 108 | —5.30°| 1.46 
B 108 ~5.74 2.64 108 | —3.57 | 1.47 
C 216 ~5.49 3.51 216 | —4.30 | 2.73 
D 216 ~6.22 3.32 216 | —3.36 | 3.19 
E 216 ~6.69 2.53 216 | —3.09 | 2.94 
F 216 41.19 3.24 216 | +4.82 | 3.28 
G 216 ~7.94 2.61 216 | —6.62 | 1.73 
H 72 ~8.61 1.51 722 | -6.32 | 1.84 
Average... 171 | —5.82° 2.66 171 | —3.47°| 2.33 


reveals the fact that all subjects whose average estimated levels 
fell below the true level show an estimated level that is more 
nearly correct on the upward judgments. In the case of Miss 
F., whose average estimated level falls above the true level, the 
estimated level on downward judgments was best. 

(4) There is a tendency for subjects to drop their average esti- 
mated level lower and lower at any given sitting, the farther in 
time they are removed from a view of their surroundings. It 
will be recalled that the work of a given sitting was divided into 
six series of twelve judgments each, with a brief rest between the 
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third and fourth series, at which time the room was illuminated. 
In table 3, I have recorded the average estimated levels for the 
combined first and fourth, second and fifth, third and sixth 
series respectively, thus getting the average estimated level as 
judged at three different stages of time with respect to the 
subject’s view of room surroundings. Examination of these data 


TABLE 3 
Showing the average estimated level at three different stages during sitting of the 
first day 
SUBJECT SERIES 1 AND 4 SERIES 2 AND 5 SERIES 3 AND 6 

A —4.8° —6.2° —6.8° 

B —4,2 —5.2 —5.0 

Cc —6.9 —7.7 —7.8 

D +0.7 —0.6 —1.4 

E —4.1 -—5.3 —6.6 

F +2.4 +1.9 +0.1 

G —4.1 —4.9 —6.5 
H —6.8 —6.7 —6.6 

I —2.5 —3.2 —3.0 

J —8.0 —8.7 —8.5 

K —6.9 —6.3 -—5.1 
L —2.1 —2.7 —3.0 

M —4.1 —4.4 —5.4 
N +4.5 +3.3 +3.4 

O —0.8 —0.7 —0.1 

P —3.8 —4.6 —5.0 

Q —4.4 —5.9 
—3.3° —4.0° —4.4° 


shows that the majority of the subjects do conform to this tend- 
ency of dropping their estimates lower and lower the farther in 
time they are removed from a view of their surroundings. The 
averages for all subjects give average estimated levels of 3.3, 4.0, 
4.4 degrees respectively for the three successive stages. 

II. Does practice improve an individual’s ability for ascertain- 
ing that an object is in the same horizontal plane as the eyes, 
when the usual external cues are lacking? 
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Within the limits of this present experiment, the evidence 
shows that practice is not beneficial. Two of the subjects prac- 
ticed for three days upon this function and five others practiced 
for six days. The average gross error of judgment for each day 
was calculated, that is, taking no account of the direction of the 
error; any improvement in ability should of course result in 
decreased errors. An examination of these data, summarized 
in table 4, reveals that improvement is consistently true for only 
a single subject, Miss C. Mr. D., on the other hand, shows 
the reverse tendency, growing constantly worse on successive 
days. If a composite practice curve should be plotted, using 


TABLE 4 


Showing the average gross errors for each day (algebraic signs not considered) for 
those subjects having three or more sittings 


SUBJECT IsT DAY 2ND DAY 3RD DAY 4TH DAY 5TH DAY 6TH DAY 
C 7.50° 716° 6.92° 4.42° 2.33° 2.30° 
D 1.45° 3.58° 5.07° 5.57° 6.40° 8.30° 
E §.32° 8.21° 4.32° 4.22° 4.13° 4.18° 
F 2.98° 3.33° §.538° 3.48° 5.60° 
G 4.97° 7.45° 7.50° C18" 7.90° 8.13° 
A 5.95° 6.85° 6.33° 
B 4.55° 4.03° 5.43° 
Average. | 4.67° | 5.81° 5.62° 5.50° 4.85° 5.70° 


the daily mean of the average gross errors of judgment, i.e., 
4.67, 5.81, 5.62, 5.50, 4.85 and 5.70 degrees, the resulting curve 
will in no wise resemble the expected learning curve. It is possi- 
ble that beneficial results might have come with an extension of 
practice, though the experimenter has no reason for believing 
that this would be the case. 


SUMMARY 
The results of this investigation may be summarized as follows: 
I. Concerning the ability that individuals have in this function. 
a. Individuals differ in marked degree, the average estimated 


7 
i 
a 
j 
thn on 
| 
| 
| 
| 
| 
| 
| 


VISUAL LOCALIZATION IN HORIZONTAL PLANE 173 


levels ranging from 3.73 degrees above the true level to 7.91 
degrees below. 

b. There is an obvious tendency for most individuals to drop 
the average estimated level below the true level, the average for 
the estimated level of all subjects being 4.42 degrees below. 

ce. The amount of error seems to be a function of the direction 
of movement of the point of light. 

d. There is a tendency for subjects to drop the estimated level 
lower and lower as judgments progress during any given sitting. 
II. Concerning improvement in this function with practice. 

Within the limits of this present investigation the evidence 
would warrant the conclusion that practice does not bring im- 
provement. 
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THE INTERNAL COMBUSTION ENGINE 


An internal combustion petroleum engine is a self contained 
unit arranged to receive within its cylinder, vaporizer, or combus- 
tion space, by varying methods in different types, either liquid 
heavy crude and fuel oil, petroleum, distillates or other similar 
fuels. Such fuels are first vaporized and intimately mingled in 
the combustion space with air compressed by the inward move- 

1 Thesis submitted in competition for the Woodland Prize. This prize is 
offered annually under the terms of the will of J. Ernest Woodland, and is open to 


juniors in Denison University. The thesis is printed without editorial correc- 
tion.—TuHE EpirTor. 
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ment of the piston of the engine. Ignition of the explosive mix- 
ture thus formed then takes place with consequent evolution of 
the heat energy contained in the fuel which is thus converted into 
work. 

The first internal combustion engine was constructed by Huy- 
ghens in 1680. It was very different from any engine now made. 
Instead of using gas, oil or petrol, it used gunpowder as the fuel. 
The gunpowder was made to explode, thus driving out the air and 
causing a vacuum. ‘This tended to pull the piston down, and the 
motion of the piston could then be used to do any work so given 
to it. However, this engine was not a practical success, nor were 
any others using gunpowder as a fuel. The first gas engine 
was constructed by Rev. W. Cecil in 1820, who exploded a mixture 
of hydrogen and air in a cylinder; the principle was the same as 
that used in the old gunpowder engines and was likewise unsuc- 
cessful. It was, however, a step forward in the development of 
our modern internal combustion engine. The first practically 
successful gas engine was built by Lenoir in 1860. It was what 
is technically known as a ‘‘Non-compression”’ engine, whereas the 
present day engine is a compression engine. Lenoir’s engine used 
about seven times as much fuel as the modern engine. In 1866 
Otto and Langen produced an engine which had a loose piston 
in the cylinder. The piston was driven upwards by an explosion, 
and then, when the gases were expanded it began to fall by 
gravity. As soon as it began to fall, it caught on a ratchet, and 
work was accomplished by the force of gravity. This engine also 
was not very successful, and its action was spasmodic. In 1876, 
Otto produced the first four-cycle gas engine. The principle of 
this engine had been clearly defined by Beau De Roches fourteen 
years before, but he had never built a successful engine. Otto was 
a more practical man, however, and succeeded in making the first 
successful model. In this type of engine there is compression and 
consequent expansion by explosion, as contrasted with the Lenoir 
“Non-compression” engine. In 1880 Dugald Clerk constructed 
an engine partaking of both the Lenoir and Otto principles, in 
that it was a two-cycle engine, but the mixture of air and gas was 
brought about in a separate cylinder, instead of the working 
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cylinder. This engine has come to be a very widely used type. 
Daimler, in 1895, brought out the first well known high speed 
petrol engine for automobiles. It uses the Otto four-cycle 
principle, but uses petrol vapor instead of gas. The most radical 
change in the gas engine came in 1897, when Diesel constructed 
the first Diesel engine. We need only to mention the latest 
change in the gas engine, that of Humphrey in 1909. In this 
engine, a column of water is used instead of the cast iron piston. 
The gas is exploded in the cylinder and drives the water from a 
low level tank to a high level one. This type of engine is used 
where turbines are to be driven, and deserves only passing men- 
tion here. 

There are two mechanically and thermo-dynamically distinct 
types of internal combustion engine. Both, of course, work on 
the principle of compression and ignition .of the fuel, but the 
manner in which this is accomplished and the various types of fuel 
best adapted to each type vary widely. There are two divisions 
of the types of engines. These may be called the two-cycle- and 
four-cycle-operating engines. In the four-cycle engine, two 
revolutions of the crank shaft or four strokes of the piston are 
necessary for the complete cycle. The first stroke of the piston 
downward is called the suction stroke. Here the fuel is vaporized 
and sucked into the cylinder. The second stroke, upward, is a 
compression stroke, in which the fuel vapor is highly heated by 
compression. The third cycle is a downward thrust of the piston 
caused by the ignition and consequent expansion of the vaporized 
fuel. The fourth cycle of stroke is the upward stroke in which 
the exhaust gases, formed by combustion, are expelled. 

The idea back of the two-cycle engine is the same as the four- 
cycle, except that the four processes are combined in two strokes of 
the piston. If, for instance, the compression stroke has just been 
completed, we have the expansion stroke, and at the end of this 
downward stroke the exhaust valves are opened. A blast of pure 
air then enters and blows out the exhaust gases. Next the piston 
moves upward and compresses this air, causing a high tempera- 
ture. At the point of greatest compression a jet of fuel is injected 
into the cylinder and becomes ignited by the high temperature. 
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Thus it expands and causes the power stroke, and the whole 
process is repeated. 

There are advantages to both the two- and four-cycle engine. 
The four-cycle engine gives (A) a lower fuel consumption, (B) more 
complete combustion of fuel, (C) simplicity of construction, as 
the crank case and moving parts are open and easily accessible, 
(D) use of lowest grades of fuel oil without the tendency towards 
carbonization on pistons or piston rings and exhaust passages. 
With the two-cycle engine there are also the advantages of (A) 
absence of exhaust- and air inlet-valves and valve-motion neces- 
sary with the four-cycle type, (B) power of piston displacement 
developed per unit of volume as compared with the fourscycle type 
is seventy five to ninety per cent greater, (C) more even crank 
effort, (D) lighter fly-wheel than with four-cycle type. 

With the four-cycle engine there are several disadvantages 
which may be mentioned here, although they have no direct 
bearing on the choice and use of combustion fuels.. These are 
(A) variable crank-pin effort which necessitates a heavy fly-wheel, 
(B) a greater total weight of engine per H.P. developed, (C) 
necessity of exhaust- and air-valves and valve-motion. With the 
two-cycle type we have (A) inferior combustion of fuel and smoky 
and dangerous exhaust gases, (B) greater lubrication required 
and more cooling water necessary, (C) increased fuel consumption, 
(D) possible leakage of air when compressed in crank case. 

In the first type of engine, the fuel is sprayed against a highly 
heated surface, which gasifies it, and it is ignited by an electric 
spark. Included in this type of engine we have the so-called 
“hot-surface’’ oil engine, the gasoline or petrol engine, of which 
the automobile and other lighter engines are examples. 

The second type of engine is called the Diesel engine. Here we 
have the fuel atomized with air, injected into the cylinder, and 
ignited. There is no sudden explosion, causing a shock, but a 
constant pressure exerted by the expanding gas. The first com- 
mercial Diesel engine was built by Rudolph Diesel in Augsburg, 
Germany, in 1897. It has a great many advantages over the 
other type of engine. Because of the possibility of using fuels not 
usable in other types of engines, it is the most economical engine 
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built. The Diesel is adapted to the use of petroleums, lignite-tar 
oils, and vegetable oils. Because of the fact that the Diesel 
engine runs at a temperature of from 400° to 500°C., and that 
petroleums gasify around this temperature, it is found that 
petroleums make the best fuel for the Diesel engine. Those 
petroleum products richest in saturated hydrocarbons burn most 
readily in this type, while a decreasing hydrogen-content means 
increasing resistance to combustion. A list of the desirable 
elements of a petroleum fuel for the Diesel engine is as follows: 


(a) Complete combustion, without any residue of soot, coke, or ash. 

(b) Freedom from mechanical impurities that may clog pipes or 
vents. 

(c) Fluid condition at ordinary working temperature so that it can 
flow to pumps and valves. 

(d) Freedom from highly volatile oils which may ignite easily and 
cause dangerous fires. 

(e) High heating value. 

(f) Freedom from water, as this lowers the heating value and may 
prevent ignition. 


PETROLEUM FUELS 


Petroleum is found in a great many parts of the world, but there 
are only fourteen or fifteen places where it is produced in quan- 
tities large enough to be marketed. The United States is by far 
the chief producer of petroleum and petroleum products, and it 
stands far out in the front of all the combined production of the 
world. It also leads in the amount of petroleum products con- 
sumed. The chief oil fields of the United States are (1) the 
Appalachian oil field, which embraces the territory of New York, 
Pennsylvania, West Virginia, and Tennessee. Petroleums found 
in this territory are the so-called paraffin bases, having a com- 
paratively high specific gravity, and are characterized by freedom 
from sulphur and asphalt content. This is the highest grade of 
crude petroleum, and has never been equalled by any other crude 
oil. Seven per cent of the total gasoline production comes from 
paraffin base crude petroleum. (2) The Lima-Indiana oil field, 
which takes in western Ohio and Indiana. These crude oils are 
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characterized by a high sulphur content, and a freedom from 
asphalt. Owing to the expense necessary to remove sulphur 
during the refining process, this petroleum has been rather back- 
ward in development, but with the invention of processes whereby 
this difficulty has been overcome, this field is rapidly developing. 
(3) The Mid-continent fields which include Oklahoma and 
Kansas. This region is the foremost oil producer in the United 
States. The petroleum occurring here is a paraffin-base, low 
specific gravity oil, having some asphalt present. (5) The 
Central and North Texas oil fields are similar to those of the Mid- 
continent. (6) The Louisiana oil fields are also a part of the 
great Mid-continent and Texas oil fields. (7) The Gulf Coast oil 
field produces a heavy, asphalt-base crude oil, similar to the Lima- 
Indiana field in that there is some sulphur present. They are, 
however, much more easily treated than the Lima-Indiana crudes, 
and are, therefore, more widely developed. (8) The Wyoming 
fields yield a petroleum resembling the Lima-Indiana fields both 
as to high sulphur content and paraffin-base. (9) The California 
oil fields yield a heavy, asphaltic base crude oil. There is, how- 
ever, a wide variation in oils from California, although all contain 
a high percentage of asphalt. California ranks first in production . 
of petroleum by states and second in districts of the United 
States. (10) Other sources of petroleum are to be found in 
Michigan, Arkansas, Alabama, New Mexico, Montana, and 
Alaska. These areas are developing gradually with the slowing 
up of the other more important sources. 

The following table will give a list of the most important sources 
of petroleum in the world and the percentage produced by each, 
up to and including the year 1924. 


Production 

per cent 
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0.3 


Reproduced from Journal of Industrial and Engineering Chemistry, 1925 
(November). 
Petroleums are classified, generally into three groups. These 
are: 
(1) Paraffin Base crude oils 
(2) Asphalt Base crude oils 
(3) Mixed Base crude oils 


Generally speaking, the petroleums are mixtures of chemical 
compounds of carbon and hydrogen, called hydrocarbons, with 
varying small amounts of nitrogen, oxygen, and sulphur. The 
nitrogen, oxygen, and sulphur are all found combined with the 
hydrocarbons as derivatives, along with some small amounts of 
the free element. 

Oxygen, as found in petroleum, exists in a free state, but as a 
rule is combined with the fatty acids and their derivatives, 
naphthenic acids, phenols, asphalts, and certain resinous bodies. 
The total oxygen content is around two to three per cent. Sul- 
phur is found in crude oil as free sulphur, hydrogen sulphide gas, 
and organic sulphur compounds such as thiophenes, having the 
general formula CnHnS, thiopanes with the formula CnH;n§, 
and sulphones with the general formula CnH.nSO,. Small 
amounts of alkyl sulfides, merecaptans, and alkyl sulfates are also 
present. Nitrogen is found in all petroleums, in varying small 
amounts as quinoline, with a formula in C,H;N and pyridine 
having a formula C;H;N. These compounds are derivatives of 
the aromatic hydrocarbons, of which benzene (C.Hg) is the mother 
liquor. 

A list of the most common paraffin hydrocarbons found in 
petroleum is given in the following table. These hydrocarbons 
are present in varying proportions, so it is not possible to give 
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the percentage composition, yet they themselves do not vary to 
any great extent. Along with the paraffin hydrocarbons are also 
small quantities of the aromatic hydrocarbons, mainly of benzol 
and several of its homologues. These are, however, not present 
in any great amount. 


PARAFFIN HYDROCARBONS 


Liquids 
Pentane Undecane 
Hexane Duodecane 
Heptane Tridecane 
Octane Tetradecane 
Nonane Pentadecane 
Decane Hexadecane 

Solids 
Octodecane Octocosane 
Eicosane Nonocosane 
Tricosane Hentriacontane 
Tetracosane Dotriacontane 
Pentacosane Tetratriacontane 
Hexacosane Pentatriacontane 
Naphthenes 
Cyclopentane Methyleyclohexane 
Methyleyclopentane Cycloheptane 
Dimethylcyclopentane Methyleycloheptane 
Cyclohexane Cyclo-octane 
Saturated aliphatics 

Normal Pentane Normal Heptane 
Isopentane Iso-heptane 
Normal Hexane Normal Octane 
Iso-hexane Iso-octane 

Olefines 
Normal Amylene Heptylene 
Hexylene Octylene 


We need not go deeply into the process of refining of petroleum. 
Essentially it consists in heating a petroleum to such a tempera- 
ture that the heavy molecules decompose into lighter molecules 
with the consequent production of mixtures of lower boiling point. 
The process of refining itself illustrates the well known tendency 
of organic compounds to decompose upon heating. Also petro- 
leums having the heaviest molecules decompose most readily. 
Ordinarily the process of refining a crude petroleum occupies from 
one to three days, depending on the source and type of the 
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petroleum as well as the equipment used. However, tem- 
perature and pressure are the governing factors of the refining 
process. The higher temperature and pressure used the more 
completely is the petroleum decomposed. (Fig. 1.) 

There is, however, one objection to the cracking of petroleum in 
making petroleum fuels, especially gasoline. This is that a so- 
called “‘cracked gasoline” leaves a carbon or soot residue upon 
burning. Hall, in making experiments upon cracked and distil- 
late gasoline, finds that carburetion is perhaps a larger factor in 
soot deposition than is the method of obtaining the gasoline. He 
found that a cracked gasoline burned more slowly, hence impart- 
ing power during the whole stroke of the piston. There was, 
however, a greater deposition of soot. The distillate gasoline 
exploded instantaneously and gave off its power in the fraction of 
a stroke, and did not leave so much residue. Research on this 
problem is being carried out, with the idea that perhaps a blend of 
distillate and cracked gasoline may give better results. At the 
present time the Pittsburgh laboratory of the Bureau of Mines is 
working on the problem. 

There are three general types of petroleum cracking processes. 
These may be called: 


(1) Cracking at atmospheric pressure. 
(2) Cracking under pressure in stills. 
(3) Cracking under pressure in small vessels and tubes. 


The second named process is by far the most widely used, because 
of the high degree of cracking or decomposition that is possible. 
In the first process, there are too many unsaturated or olefin 
hydrocarbons formed, which causes irregularity both in product 
and production. Cracking under pressure eliminates this condi- 
tion to some extent. 

The advantage of cracking at high pressure in stills lies in that 
the reactions occurring at the decomposition of the crude petro- 
leum take place in the gaseous state. In this condition the 
hydrocarbon is fully expanded, hence there is no danger con- 
nected with the process. Also, under high pressure, a higher 
temperature is possible which makes for a more complete decom- 
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position of the petroleum. This, of course, gives a greater yield 
of products. The speed of reaction is also greatly increased, and 
may be controlled at will. A reason given for the increased yield 
of compounds having a lower boiling point is that hydrogen is 
formed at high temperature and pressure, which unites to form 
more hydrocarbons than would otherwise be formed. 

Before refining a crude petroleum, it must be tested so that a 
general idea of the constituents may be determined. An outline 


of these tests is as follows: 


(a) Specific gravity and Beaume gravity. 

(b) Color, fluorescence, and odor. 

(c) Viscosity. 

(d) Content of water and bottom settlings. 
(e) Heat of combustion. 

(f) Sulphur content. 

(g) Percentage of nitrogen and oxygen. 

(hk) Determination of carbon and hydrogen. 


(7) Index of refraction. 
(j) Coefficient of expansion, specific heat and heat of vaporization. 


(k) Estimation of paraffin wax. 
(1) Estimation of asphalt content. 


In commercial practice this determination of a petroleum involves 
the quantity and quality of merchantable products obtained. 
The chief products obtained from the distillation of a petroleum 
are divided into products having a specific gravity within a certain 
range, and the percentage of such products varies widely with the 
kind of petroleum used. The first product of distillation, having 
a specific gravity of from 0.60 to 0.69 is called rhigoline, petro- 
leum ether, or gasoline. It is by far the most important product, 
and efforts are constantly being made to increase the yield. The 
second product to come off is aviation grade spirit, with a specific 
gravity of 0.69 to 0.73. Next comes ligroin or light kerosene 
having a specific gravity of 0.73 to 0.79. The fourth and next 
important petroleum product is lamp oil, kerosene, or paraffin 
oil, having a specific gravity of 0.79 to 0.82. The next product, 
gas oil or solar oil, is comparatively unimportant, and is used as a 
fuel or as a light lubricating oil. Its specific gravity ranges from 
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0.82 to 0.88. The third most important petroleum product, hav- 
ing specific gravity of 0.83 to 0.95, includes the lubricating oils, 
Diesel engine fuels, or boiler fuels. This fraction includes, as 
may be seen from the specific gravity, the gas or solar oils. The 
last division, having a specific gravity or 0.87 to 0.94 also includes 
the petroleum jellies and paraffin waxes. From a general survey 
of petroleum products, an estimation of the percentage compo- 
sition of a crude oil may be as follows: 


per cent 


These figures, of course, vary for petroleums coming from different 
sources. 


Fuel tests 


There are many problems of fuel research which must be solved 
before the proper fuel may be chosen. These problems are not 
confined alone to the chemical constitution of the fuel being used, - 
but hinge upon many principles of mechanics and thermo- 
dynamics, which must be considered in other laboratories outside 
the chemistry laboratory. Chief among these problems, are two 
outstanding difficulties which must be met and overcome in the 
construction of the engine and the choice of fuel. These are the 
problems of multi-cylinder distribution of the fuel and the forma- 
tion of the proper mixture of fuel and air after it enters the cylin- 
der. The problem of distribution is, of course, reduced to a 
minimum where only one- and two-cylinder engines are employed, 
but when we consider the present day six-, eight-, or twelve- 
cylinder engine, we encounter a great deal of difficulty. Radical 
changes in carburetion, with the invention of the so-called ‘‘Hot- 
spot” manifold, ‘‘Double-jet”’ carburetor, etc., have come into 
effect, and engineers are continually trying to improve the quality 
of carburetion. Upon this depends the chemical constitution of 
the explosive mixture going into the cylinder. It is necessary 
that we get mixtures of fuel and air all of the same strength into 
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each cylinder, or we will be troubled by knocking, carbonization, 
irregular firing, and a general loss of efficiency within the motor. 
By experiment it was found that it makes very little, if any, 
difference whether a gas is dry, nebulized, or vaporized, just as 
long as the proper mixture goes into each cylinder. Hence, we 
encounter the problem of proper distribution. In the earlier days 
of the internal combustion engine, fuels were of high volatility, 
and as long as there were no mechanical defects within the engine 
itself, there was very little trouble with carburetion. At the 
present time, however, with the gasoline manufacturers cracking 
more and more of the petroleum in an attempt to produce a 
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greater yield of fuel per volume of petroleum, the fuel is neces- 
sarily of lower volatility. Hence, it becomes the problem of the 
engineer to make the engine to suit the fuel available, with the 
result that the many problems of distribution are encountered. 

As an example of the way in which the tests on fuels were carried 
out, the problem of knocking or detonation of a kerosene fuel was 
attacked in the laboratory, under the direction of Charles F. 
Kettering, an engineer associated with the General Motors 
Corporation. It was found that kerosene knocked because it 
condensed under pressure and would not absorb enough heat to 
volatilize. Hence, the problem was, how to make it volatilize. 
Now, in the field of botany, it is a well known fact that leaves 
which are red on the under-side absorb more heat than those 
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which are not. Consequently, Kettering arrived at the theory 
that if a red color could be imparted to the fuel, it would absorb 
enough heat to volatilize and cease knocking. In order to test 
the theory, iodine was added to the fuel, which imparted a red 
color. Curiously enough, the knocking did stop, but it was later 
found that these results were obtained because of the chemical 
properties of the iodine and not due to the red color. The details 
of the method used in testing the detonating characteristics ot 
fuels are given in figure 2. When the explosion occurs in the 
cylinder, it drives the small pin upward, so that a contact is made 
at (a). This closes the circuit, and the electrolysis of the sul- 
phurie acid solution is started. For a certain volume of fuel, 
there is a certain volume of hydrogen and oxygen liberated in the 
solution. In this way the comparison of detonation characteris- 
tics for many different fuels may be made with positive and 
accurate results. 

A great many tests have been made in comparing the efficiencies 
of gasoline and alcohol as fuel for the internal combustion engine. 
In 1912 R. M. Strong and Lauson Stone carried out investigations 
using five engines, two of which were Otto gas engines, one Nash 
gas engine, and one Nash and one Otto alcohol engine. All were 
standard engines of the single cylinder, four-cycle type, having a 
speed of two hundred and sixty revolutions per minute. As a 
result of these investigations, it was found that the thermal 
efficiency is the same for both the alcohol and gasoline engine, 
while the load on the engine constitutes the most important 
variable in its operation. What is more important, it was found 
that explosive mixtures of alcohol and air could be compressed to 
higher temperatures, without pre-igniting, than could mixtures of’ 
gasoline and air. This made it possible, from the economical 
standpoint, to construct the alcohol engine so that it is equal to 
the gasoline engine. Another discovery, relatively unimportant, 
was that approximately twice as much air is required for the 
explosive combustion of gasoline as for alcohol. 

Many blended fuels have been tried, but so far have not reached 
a very wide commercial practice. Blends of coal-tar distillates, 
benzol, toluol, and alcohol, with gasoline are the most common 
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blended fuels on the market today, yet their worth is really not 
yet proven. They have been tried with the idea of preventing 
pre-ignition, or as anti-knock fuels in which case greater compres- 
sion and more efficiency result. Another recent development is 
the addition of lead tetra-ethyl to gasoline as a high compression 
fuel, which seems to have done a little in the way of preventing 
pre-ignition. 


Gasoline 


Gasoline is defined, by the Committee on Petroleum Products 
and Lubricants of the American Society for Testing Materials, as 
‘A refined petroleum naphtha which by its composition is suitable 
for use as a carburant in internal combustion engines.” This 
closely approximates the definition of petroleum naphtha, a generic 
term applied to refined or unrefined petroleum products and liquid 
products of natural gas not less than 10 per cent of which distills 
below 240°C. when subjected to distillation in accordance with 
the current method of testing of the American Society for Testing 
Materials of petroleum products of this nature. 

By far the greatest demand on petroleum products comes from 
the motor industries for gasoline and lubricating oils, and the 
value of the gasoline alone is more than that of all the other 
petroleum products combined. Gasoline is almost wholly used in 
marine engines, stationary engines, airplane engines, automobiles, 
motor-cycles, motor-boats, tractors, and tanks. However, in 
spite of its varied uses, the same grade of fuel is sufficient for all 
these different uses, except, perhaps in the airplane, where the 
feature of extreme purity and light weight coupled with a mini- 
mum of fire hazard must be considered. Up to the present time 
no suitable substitute for gasoline has been evolved, hence the 
importance of gasoline and gasoline production is being increased 
daily. In 1904, the yield of gasoline from a crude petroleum was 
only 10.3 per cent, while in 1918, the figure was increased to 26.1 
per cent, an increase of 155 percent. At the present time, refiners 
are attempting to obtain still greater yields. This means that the 
product being obtained, due to better and more accurate means of 
distillation and cracking, has a lower volatility, or higher boiling 


2 
\ 
| 
| 
| 
. 
4 
\ 
| 
| 
| 
| 
‘ 
| 


INTERNAL COMBUSTION ENGINES 189 


point, than formerly. This has necessitated many changes in 
engine design and carburetion, thus settling the old question of 
whether to produce the fuel to fit the motor or the motor to fit.the 
fuel. Yet the increased yield of gasoline per quantity of crude 
oil is limited by the number of other petroleum products which 
which must be produced. We must have lubricating oils and fuel 
oils. This, eventually, will resolve itself into a question of the 
relative prices of fuel oil and gasoline. When the price of gasoline 
reaches the point where it is more profitable to crack the oil rather 
than use it as a fuel, the production of fuel oil will either decrease 
or its price will increase to a point where it is not profitable to 
crack it. 

Horning in “‘American Petroleum, Supply and Demand,’’ has 
stated that the miles per gallon for the country can be doubled 
within 15 years after the price demands the change. It may be 
seen from this that a modification of engine design and increased 
production of gasoline per barrel of crude;oil will eliminate a great 
deal of waste prevalent today. But these two must go together. 
After exhaustive research, the General Motors Corporation states 
that it is possible to make automobiles go twice as far on a 
gallon of gas as they do today. The present internal combustion 
engine transforms only five per cent of the energy in the gasoline 
into useful work. Hence it is possible to increase this to ten per 
cent, and further developments along this line will come in the 
near future. However, such developments cannot and will not 
come suddenly, but will extend over a long period of time. 

The United States is by far the greatest consumer of gasoline, 
most of which is used for automobiles. Of the total number of 
motor cars in the world, 83 per cent are operated in the United 
States above. At a meeting of the American Society for Test- 
ing Materials, a Commitee of Eleven compiled the following 
table of gasoline consumption. The figures are based on the 
average yearly consumption as compared to the increasing num- 
ber of automobiles being built each year. 
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year consumption 
1920 101,207 
1921 107,488 
1922 127, 907 
1923 159,172 
1924 185, 281 
1925 218, 215 
1930 315,444 
1935 365,780 
1940 403,045 
1945 431,560 
1950 455,549 
1955 475,880 


Consumption in thousands of barrels (42 U.S. gal. per barrel). 


E. W. Deane in Bureau of Mines Technical Paper No. 214 gives 
the following requisites for a gasoline: 


1. The gasoline should not contain too large a percentage of highly 
volatile products, which tend to cause a large evaporation loss and 
excessive danger in handling and storage; but should contain enough 
volatile constituents to permit starting an engine under unfavorable 
conditions without pre-heating. 

2. The gasoline should not contain any considerable percentages of 
heavy or non-volatile constituents, which after delivery into the engine 
cylinders cannot be atomized and burned. 

3. The gasoline should not contain material that, after combustion, 
leaves a residue that collects in the motor. 

4. The gasoline should be free from substances that attack metal 
either before or after combustion. Unremoved acid falls under this 
heading. 

5. Neither the gasoline nor its products of combustion should have a 
strong or markedly disagreeable odor, since this is objectionable to users 
of automobiles. 

6. The gasoline should be free from non-combustible materials such 
as water and dirt. 


Since the present day trade requires a water-white and sweet 
smelling product it is necessary to remove the unsaturated hydro- 
carbons which cause a gasoline to go “off color’? when in storage. 
These hydrocarbons are considered the most valuable constituents 
of gasoline, especially those of the unsaturated olefin group, hence 
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an appreciable part of the available motor fuel is destroyed 
by treatment with sulphuric acid to satisfy this demand for a 
water-white product. The di-olefins however cause tarry deposits 
upon combustion, hence they are objectionable. Thus, while 
odors are objectionable to the consumer, they are not necessarily 
an indication of a poor gasoline. 

A survey of the results of the various tests made upon gasoline 
reveals the following information. Specific gravity serves to 
indicate the presence of any considerable percentage of materials 
other than those normally present in gasoline, such as benzol, 
aleohol, ete. The distillation range of a gasoline reveals informa- 
tion regarding starting qualities, ease of vaporization and distribu- 
tion, tendency toward contamination of the lubricating oil, com- 
position, knocking characteristics (if the source and composition 
of the fuel be known), and tendency to deposit carbon in the 
motor. Acid present indicates that (a) the sulphuric acid used in 
refining was not completely removed or (b) that sulfonic acids were 
formed in the gasoline in the effort to produce a white product, 
and were not subsequently removed. The presence of either of 
these acid materials is harmful and unnecessary. Percentage of 
unsaturation is the measure of the tendency to form gums. The 
content of gummy materials present is harmful and unnecessary. 
The percentage content of aromatic hydrocarbons such as benzol 
serves to indicate, in a fair degree, how far the gasoline may be 
compressed without knocking. The purity of a fuel as to its 
content of paraffin hydrocarbons is representative of the general 
run of gasolines sold east of the Rocky Mountains. The alcohol 
content of the fuel has the same effect as benzol, in that it in- 
creases the compression operation without knocking. The pres- 
ence of alcohol also indicates the presence of a third material, 
which must be used to bind the alcohol with the gasoline. These 
two substances are not miscible in each other. For a more 
detailed explanation of the above-mentioned tests, I refer the 
reader to Bulletin No. 4, of the General Motors Fuel Service, 
June 15, 1921, on the testing of gasoline. 

A brief mention may be made here of the production of gasoline 
by its condensation from natural gas. This gas is usually found 
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in contact with oil-bearing rock, although in some eases gasoline 
has been condensed from gases which apparently have no contact 
with crude petroleum. The first gasoline made in this way was 
made in Titusville, Pennsylvania, in 1904, while at Tidioute, 
Pennsylvania, a company still produces gasoline for the market in 
this way. The gases from which gasoline is produced are called 
the ‘‘wet gases,” whereas a “dry gas,’ in which methane is 
the only combustible constituent, is of no value for gasoline 
extraction. 


Fuel oils 


The fuel oils are those distillation or “cracked” products of 
petroleum having a specific gravity ranging from 0.85 to 0.95. 


The color ranges from an almost water-white to a deep, heavy, ° 


black, asphaltic base crude oil. These oils are used a great deal 
for heating plants, and their only application as far as the internal 
combustion engine is concerned, is to be found in the heavy-oil 
and Diesel engines. The same specifications of fuel apply to 
both types of engine. Other fuels may also be used in these 
engines. These are the lignite-tar oils and some vegetable oils. 
However, the main source of fuel is petroleum because the 
petroleum oils gasify around 400° to 500°C., and this is about the 
working temperature of the Diesel engine. The petroleum oils 
possess this property because of the unstable condition of the 
carbon atom. Those petroleums rich in saturated hydrocarbons 
naturally burn the most readily. From this we see that a 
decreasing hydrogen content means increasing resistance to 
ignition, hence the asphaltic-base oils do not burn as readily as 
the paraffin-base oils. 

The properties of a petroleum fuel-oil requisite for the Diesel 
engine are listed as follows: 


a. The fuel should burn completely without leaving any soot, coke, 
or ash. 

b. It should be sufficiently fluid at ordinary temperatures to flow to 
the fuel pumps and valves without clogging the pipes. 

c. It should be free from highly volatile oils which would ignite too 
easily and increase the fire hazard. Because of the high temperature 
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encountered in the combustion chamber such oils do not give best 
results and are apt to cause knocking. 

d. The fuel should have a high heating value, in order to make the 
engine most efficient, since it operates at a high temperature. 

e. The fuel should be free from any mechanical impurities that would 


tend to clog pipes and vents. 
f. It should be free from water, as this lowers the heating value of the 


fuel and may even prevent ignition of the fuel. 


Kerosene 


As far as use in the internal combustion engine is concerned, 
kerosene plays a very unimportant part. The disadvantage of 
the necessity for pre-heating the engine cylinder and of carbon 
deposition far offsets the advantage of economy of price per unit 
volume. 

Practically the only use of. kerosene as a fuel for the internal 
combustion engine is to be found in the farm tractor and in some 
stationary engines. It is necessary to first heat the cylinder 
either from the outside or by running the engine with some other 
more volatile fuel, such as gasoline or alcohol. After the neces- 
sary temperature has been reached, then the kerosene may be 
used. Owing to the large amount of unsaturated compounds 
present in kerosene, there is an extremely large amount of 
carbonaceous material deposited upon ignition, hence in order to 
remove this it is necessary to inject some water along with the 
fuel. The presence of the moisture softens the deposit and makes 
it possible to remove it easily by the force of the explosion within 


the cylinder. 
LUBRICANTS 


A lubricant is that smooth fluid or semi-fluid substance, such as 
oil or grease, introduced between two moving surfaces to prevent 
solid friction, that is, to prevent their coming into direct metallic 
contact. All bearing surfaces, however smooth to the naked eye, 
are microscopically rough, and unless some medium is introduced 
which will cover these asperities and fill up the depressions, the 
surfaces will inter-lock and give rise to friction, heat, and rapid 
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wear. When the moving parts are separated by a lubricant, 
friction then takes place in the molecules of the liquid itself. 
Also a copious circulation of oil through bearings carries off the 
heat of friction, and makes possible the conditions requisite for 
efficient lubrication. 

With probably only one exception, castor oil, all lubricating 
oils used in the internal combustion engine are derived from 
petroleum. They range from 0.83 to 0.95 specific gravity, and 
the color usually from a pale yellow to black, depending on the 
treatment during the cracking process. The internal combustion 
engine is without a doubt the most difficult to lubricate of all 
known mechanisms, due to the unavoidable necessity of exposing 
large lubricated cylinder areas and other surfaces to high tem- 
peratures. 

The suitability of an oil for the proper and efficient lubrication 
of all internal combustion engines is determined chiefly by the 


following factors: 


A. Type of cooling system. (Operating temperature). 
B. Type of lubricating system. 
C. Rubbing speeds of contact surfaces. 


If the operating temperatures, bearing surface speeds, and lubri- 
cating systems were identical in all engines then a single oil could 
be used in all engines with equal satisfaction. The only change 
then necessary in viscosity would be that due to climatic condi- 
tions. As engines are now designed, three grades of oil are neces- 
sary for the lubrication of all types, with the possible exception of 
the Knight sleeve-valve engine, air-cooled engine, and some 
engines which operate continuously at full load. These three 
grades may be designated as light, medium, and heavy oils. The 
feature of the load carried by the engine is of prime importance in 
the specification of engine lubricants. In the list of ‘full-load”’ 


engines are: 


. Marine engines. 

. Racing automobiles. 
. Airplane motors. 

. Farm tractors. 

. Stationary engines. 
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The “variable-load”’ engines are: 


A. Pleasure automobiles. 
B. Commercial vehicles. 
C. Motor-cycles. 

D. Stationary engines. 


A list of the requisites for a lubricating oil is as follows: 


A. It must have the necessary body to withstand the severest pres- 


sure in service for which the oil is intended. 
B. It must keep a continuous film of oil between the rubbing surfaces. 
C. It must fill up the inequalities of the surface. 
D. It must spread over the surface rapidly, with the requisite degree 
of adhesiveness to remain between the rubbing surfaces without creating 


undue friction and heating. 

E. Requisite mobility or fluidity at all seasons of the year, and all 
climates, without impairment to the necessary intrinsic lubricating 
body for the required surface. 

F. Freedom from tarry and asphaltic bodies. 

G. It must be non-drying and non-gumming. 


Lockhart in his book, the ‘‘Lubrication of the Internal Combus- 
tion Engine,” has compiled a list of the specifications for oils used 
in various types of engines. In the stationary gasoline engine, a 
straight distillate having a viscosity of 220 to 450 Saybolt and 
flash test of 400°F. is ordinarily used. In the motor boat, where 
the oil is fed with the gasoline, an oil of 200 to 270 Saybolt at 
100°F. is used. Oils of 350 to 800 Saybolt at 100°F. are used in 
the motor-cycle. The kerosene engine requires an oil of 450 to 
650 Saybolt at 100°F. with a flash test at 400°F. The consump- 
tion is extremely heavy due to the necessity of pre-heating the 
cylinder to aid combustion. The airplane engine, because of its 
extreme lightness, high speed, air-cooling, and continuous opera- 
tion at full capacity, requires the best oils obtainable. It must 
have a high specific gravity, around 30° Beaume, and a flash test 
well above 400°F. The cold test must be about 15°F. Usually 
straight distillates or heavy mineral distillates blended with light 
high grade cylinder stock are used. 
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Tests of lubricants 


The tests selected as denoting the quality of lubricating oils are 
those of viscosity, volatility, cold test, susceptibility to cmon, 
and emulsifying properties. 

Viscosity is defined as the number of seconds required for a 
definite volume of oil, under an arbitrary head, to flow through a 
standardized aperture at a constant temperature. There are 
several different methods of measuring the viscosity of an oil, but 
all work on the same principle. The difference lies only in the 
method of treatment, not in any fundamental principle. The 
instrument used in measuring viscosity is called the viscosimeter. 
There are five different types of viscosimeters: 


A. The Saybolt viscosimeter, which will be later explained. 

B. The Tagliabue viscosimeter sometimes used by oil refiners and 
consumers. 

C. The Engler viscosimeter, used chiefly in continental countries. 

D. The Redwood, used in the British Isles and Colonies. 

E. The Pennsylvania R.R. pipette. ‘ 


The Saybolt viscosimeter consists of a large bath or container, 
filled with the oil to be tested, and heated to a certain tempera- 
ture. After a constant temperature is reached, the oil is allowed 
to run out of a stop cock, of standard size, into a graduated on- 
tainer. The container used with the Saybolt viscosimeter is a 
60 ec. flask. At the time the stop cock is opened, a stop watch 
is started, and the time necessary to just fill the flask is recorded. 
This is called the viscosity of the oil at the given temperature and 
is known as the Saybolt Universal. Thus, an oil whose Saybolt 
is 200 at 50° is one which flows 60 cc. in 200 seconds at a tempera- 
ture of 50°C. The visosity of an oil is a large factor in the 
horsepower developed by an engine. For instance, if a very 
heavy oil is used, there is a strong fluid resistance to the motion of 
the sliding surfaces, and more work or energy is required to over- 
come this. This results in an increase in fuel consumption. 
Figure 3 has been derived by the Tide Water Oil Company of 
New York, and is designed to show the effect of viscosity on horse- 
power and fuel consumption. 
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The Chill or Cold Test of an oil is the lowest temperature at 
which the oil will pour. This is of importance where an oil must 
flow through pipes and circulating systems, although it has noth- 
ing whatever to do with the lubricating or heat resisting qualities 
of an engine oil. 


Effect of viscosity on horse-power, fuel and oil consumption. 
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Oil Consumption — 1b. per H.P hr. 


Viscosity at 100° Fahrenheit 


Fia. 3. In determining the above curves, oils made from paraffin and inter- 
mediate base crudes were used. The light, medium, and heavy oils all possessed 
approximately the same degree of volatility. This statement is necessary be- 
cause of the fact that the property of viscosity alone is not the sole determinant of 
oil consumption. As shown by the curves above, oils possessing the same vola- 
tility will give a consumption in an engine correspondng to their viscosity, high 
or low, whereas oils having the same viscosity but widely differing degrees of 
volatility may also show a decided difference in consumption. 


Volatility is the vapor loss of the oil and is measured by the 
quantity of low-boiling constituents of the oil. If an oil is to be 
used in full-load engines there must be a certain quantity of low- 
boiling constituents, or there will be too great a tendency for 
carbonization within the cylinder. On the other hand there must 
be a limit to these low-boiling constituents or the factor of the 
consumption of the oil becomes quite large. Hence, in the 
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ordinary lubricating oil, a balance has been struck, supposedly, 
between rapid carbonization and fuel consumption. 

Heat is the greatest enemy of hydro-carbon lubricating oils 
because it results in their decomposition and formation of non- 
lubricating products. Hence it is necessary to determine the 
relative heat resisting properties before specifying oil for the 
internal combustion engine. Examination of crank-case sediment 
has shown that the decomposition of oil results in solid hydro- 
carbons mixed with metal dust or metallic oxides. In testing the 
oil for oxidation, it is heated to the actual heat found under 
operating conditions. 

The tendency to emulsification within the oil shows the presence 
of sulpho-compounds, formed by treating the oil with sulfuric acid 
for the removal of undesirable hydro-carbon compounds. The 
acid is supposedly all washed out or otherwise entirely removed, 
yet poorly refined oils sometimes contain acid. The proof of the 
presence of acid is shown by shaking a sample of oil with water and 
noting whether the oil and water are completely separated or are 
mixed with one another. If the oil floats as a curdled mass in the 
water, the presence of acid is shown. An acid-containing oil is 
apt to eat or corrode valves and valve seats, causing pitting of the 
valve surfaces and consequent leakage. 

Brief mention may be made here of lubricating greases, 
although they have no application as far as the internal combus- 
tion engine is concerned. The greases are really sodium, 
aluminum, or calcium soaps (salts of the high molecular weight 
organic acids) mixed with some light lubricating oil. As far as 
petroleum products are concerned, greases occupy a position of 
relative unimportance. 


REFERENCES 


Handbook of Petroleum Industry. Volumell. Day. 

Manual of Industrial Chemistry. ‘‘Fuels and Fuel Combustion.’’ Volume 11. 
American Petroleum Refining. H.S. Bell. 

Industrial and Engineering Chemistry. November, 1925. Examination of 
Petroleum. Hamor and Padgett. 

Industrial and Engineering Chemistry. ‘‘Motor design and Fuel economy.” 

November, 1925. C. F. Kettering. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
Sig 
: 
| 
| 


INTERNAL COMBUSTION ENGINES 199 


Industrial and Engineering Chemistry. October, 1925. D.R. Merrill. 

American Lubricants. Lockhart. 

Industrial Oil Engineering. J. R. Battle. 

Lubrication and Lubricants. Leonard Archbutt. 

Engineering Magazine. ‘Properties and Uses of Mineral Lubricating Oils.”’ 
June, 1927, Volume 33, Page 455. 

Practical Engineering. ‘‘Chemical and Physical Testing of Lubricants.’’ March 
30, 1908. 

Engineering Magazine. Volume 36, Page 469. 

Journal of Industrial and Engineering Chemistry. April, 1910, Volume 2, No. 4, 
Page 115. 

Power. April 13, 1915. 


- Gasoline and Other Motor Fuels. Ellis, Carleton and Meigs. 


Fuels for the Diesel. Rippel.and Kutzbach. 

Transactions, Society Automotive Engineers. ‘‘More Efficient Utilization of 
Fuel.’’ Volume 14, Part 1, Page 201 (1919). C.F. Kettering. 

Journal Society of Automotive Engineers. ‘‘Combustion of Fuels in Internal 
Combustion Engines.’’ Volume 7, No. 3, Page 224, September, 1920. 
C. F. Kettering. 

Journal Society of Automotive Engineers. ‘Combustion of Fuels in Internal 
Combustion Engines’? Volume 7, No. 6, Page 489, December, 1920. 
Midgley. 
Journal Society of Automotive Engineers. ‘‘Fuel Research Developments.”’ 
Volume 9, No. 5, Page 291, November, 1921. C.F. Kettering. 
Automotive Industries. ‘‘The Testing of Motor Fuels.”’ October 13th and 20th, 
1921. 

American Petroleum Institute. ‘‘Consumption—The Automotive Industry.” 
Bulletin 132. December, 1920. C. F. Kettering. 

Journal of Industrial and Engineering Chemistry. ‘‘Detonation Characteristics 
of Blends of Aromatic and Paraffin Hydrocarbons.’”’ Thomas Midgley, 
Jr., and T. A. Boyd. 

National Petroleum News. ‘Detonation Characteristics of Some Blended Motor 
Fuels.”” July 5, 1922, Page 59. Thomas Midgley, Jr., and T. A. Boyd. 

Journal of Industrial and Engineering Chemistry. ‘‘The Application of Chemis- 
try to the Conservation of Motor Fuels.’’ Volume 14, No. 9, Page 849 
(September, 1922). Thomas Midgley, Jr., and T. A. Boyd. 


Journal of Society of Automotive Engineers. ‘‘Laws governing Gaseous Detona- 


tion.’’ Volume 12, Page 458 (1923). Thomas Midgley, Jr., and Robert 
Janeway. 

American Motorist. ‘‘The Story of Gasoline.’”’ August, 1923, Page 6; September, 
1923, Page5. T.A. Boyd. 

Journal Society of Automotive Engineers. ‘‘Spectroscopic Investigation of 
Internal Combustion.’”? Volume 10, No. 3, March, 1922, Page 218. 
Thomas Midgley, Jr., and W. K. Gilkey. 

Bulletin of American Petroleum Institute. ‘The Progress of Anti-Knock Fuels.” 
Volume 4, No. 73, Page 141 (December 31, 1922). Thomas Midgley, Jr. 

Industrial Engineering Chemistry. ‘Motor Design and Fuel Economy.” 17, 
1115 (1925). C. F. Kettering. 


| 

| 

| 

| 
q 


200 MILTON FINLEY 


Journal Society of Automotive Engineers. ‘‘Fuel from the Service Standpoint.’’ 
18, 641 (June, 1926). T.A. Boyd. 
American Fuels. Bacon and Hamor. 
United States Bureau of Mines Publications: 
Bulletins Nos. 32, 43, 88, 114, 156, 162, 180, 191, 207. 
Technical Papers Nos. 36, 37, 49, 72, 74, 115, 119, 127, 163, 166, 181, 214, 258, 
282, 298, 305, 323, 323-A, 328, 346, 387. 


ore 
= 
4 
4 


be 


VOLUME 17 


A geographic interpretation of Cincinnati, Ohio; Edith M. Southall. 16 pp. 
Strophomena and other fossils from Cincinnatian and Mohawkian horizons, chiefly in Ohio, Indiana, Kentucky; 
Aug. F. Foerste. 158 pp., 18 plates 
Population centers ~~ density of population; F. Carney. 15 pp. 
The climate of Ohio; F. Carney. 9 pp. 


Articles 5-7, pp. 203-246; March, 1913...... Sa'sies 
The twenty-fifth anniversary of the founding of be eat Scientific Association; 2 pp. 


The foundation of culture; C. Judson Herrick. 
Drainage changes in the Moots Run area, Licking a Ohio; Harmon A. Nixon and Dexter J. Tight. 11 pp., 


1 fig. 
Some edineed lake shorelines of the Bellevue Quadrangle, Ohio; F. Carney. 16 pp., 3 figs. 


Lorraine faunas of New York and Quebec; Aug. F. Foerste. 93 pp., 5 plates. 
A comparative study of circular and rectangular Inhoff tanks; Theodore oe Johnson. 26 pp. 
Geographic factors in the establishing of the Ohio-Michigan boundary line; Constance Grace Eirich. 7 pp. 


A method of subdividing the interior of a gov closed rectifiable curve with an application to Cauchy’s theorem. 
F. B. Wiley and G. A. Bliss. 14 pp., 3 i 
The influence of glaciation on yond ahh in ‘Ohio; Edgar W. Owen. : pp., 1 fig. 
The Locust Grove Esker, Ohio; James D. Thompson, Jr. 4pp 
Notes on Agelacrinidae and Lepadocystinae, with descriptions of te and Brockocystis; Aug. F. Foerste. 


88 pp., 6 plates. 
VOLUME 18 


Articles 1-3, pp. 1-284; December, 1915... 
Proceedings of the inauguration of President Chamberlain; « pp. 
Denison University presidents; William Hannibal Johnson. Pp. 
The fauna of the Morrow Group of Arkansas and Oklahoma; Kut ey F. Mather. 226 pp., 2 figs., 16 plates. 


Notes on Cincinnatian fossil types; Aug. F. Foerste. 71 pp., 7 plates 
The ee of glacial lakes Lundy, Wayne, and Arkona, of the Oberlin Quadrangle, Ohio; Frank Carney. 6 pp. 


The eee of Geology during the period 1891-1915; Frank Carney. 8 pp., 4 figs 
The abandoned shorelines of the Ashtabula Quadrangle, Ohio; Frank raed of pp., 4 figs. 


VOLUME 19 


Articles 1-4, pp. 1-64; April, 1919 $0.75 
Echinodermata of the Brassfield (Silurian) formation of Ohio; Aug. F. Foerste. 30 pp., 7 plates. 
America’s advance in potash production; W. C. Ebaugh. 14 pp., 2 figs 
The use of outline charts in teaching vertebrate paleontology; Dinstee G. Mehl. 8 pp.,1 fig.. 4 plates. 
Some factors in the geographic distribution of petroleum; Maurice G. Mehl. 9 pp., 2 plates 


Articles 5-8, pp. 65-146; September, 1919............... pedihsedundaccevensasesneneoteeee 
Notes on Isotelus, Achrolichas, Calymene and Encrinurus; Aug. F. Foerste. 18 pp., 6 plates. 
Some suggested experiments for the graphic recording of speech vibrations; Robert "James ee. 14 pp., 6 figs. 
The manipulation of the telescopic alidade in geologic mapping; Kirtley F. Mather. 46 pp., 
The importance of drainage area in estimating the possibilities of petroleum osumeies real an anticlinal 
structure; Kirtley F. Mather and Maurice G. Mehl. 4 pp., 2 plates. 
Psychological factors in vocational guidance; Thomas A. Lewis. 10 p 
= of pmo por interpretation of data for determining the — of bedded rocks; Maurice G. Mehl. 
Ppp.» £8 ates. 
Some suggestions for drilling operations; Maurice G. Mehl. 6 
The Kimmswick and Plattin limestones of Northeastern Missouri; A jn og 50 pp., 3 plates. 
Articles 13-16, pp. 225-329; September, 1921........ 
Education for scholarship; William E. Castle. 9 pp. 
The cytology of the sea-side earwig, Anisolabis maritima ng art 1; Sidney I. gag 13 pp., 3 plates. 
Notes on Arctic Ordovician and Silurian cephalo — ; Aug. F oerste. 60 pps? plate 
Revolution vs. evolution: the paleontologist renders his verdict; Kirtley F. atte 18 pp. 


VOLUME 20 


A review of the biology of sex-determination; Sidney I, ‘Menlo. 21 pp.. 8 pue 
The Meander patterns of Rios Securé and Mamoré, Eastern Bolivia; Kirtley F. an, 7 pp., 2 figs. 
Primitive musical instruments of the Denison Collection; Karl H. Eschman. 10 pp., 3 plates, 


Articles'4-S, pp. 87-186; June, 1998. 
Notes on Medinan, Niagaran, and Chester fossils; Aug. F, Foerste. 84 pages, 13 plates, 
The egg and larvae of Hesperia juba Bdv.; A. W. ‘Lindsey. 7 pp., 1 plate. 
The occultation of Venus by the Moon on January 13, 1993; FP: Biefeld. 4 pp., 1 plate. 
A botanical survey of the campus of Denison University; Dwight Munson ink 23 pp., 7 figs. 3 plates. 
The underground migration of oil and gas; Kirtley F. Mather. 31 pp., 1 fig. 


Trichoptilus pygmaeus Wism. and the Neuration of the Family Pterophoridae,; A. W. Lindsey. 6 pp., 6 plates. 
Notes on American Paleozic Cephalopods; Aug. F. Foerste. 76 BP , 22 plates. 

A Report on the Theory of Relativity iefeld, 20 pp. 
Some Problems of Taxonomy; A. W. Lindsey. wae 
Notes on the Geology of Giles County, Virginia; eorge B' *Hfubbard and Carey G. Croneis, 72 pp., 1 plate. 


$0.50 


$0.75 


| 


VOLUME 21 


Notes on Cephalopod Genera; Chiefly Coiled Siterlen Forms; Aug. F. Foerste. 70 pp., 23 p 
The Cornell University Entomological Expedition to South America of 1919-1920. pon a P Results No. II. 


Hesperiodea; A. W. Lindsey, 44 pp., 6 plates. 
Photographic Record of the Partial Solar Eclipse of January 24, 1925; Paul Biefeld. 2 pp., 1 plate. 


The Agricultural Geography of the Salt Lake Oasis; Charles Langdon White. 167 pp., 34 figs. 


Articles 5-7, pp. 285-404; September, 1926.. 
Actinosiphonate, Trochoceroid and other Cephalopods; ‘Aug. Foerste, pp. Plates. 
Brachiopods from the St. Clair Limestone, Arkansas; Norman L, Thom: 18 pp., 1 plate. 

Notes on the Preparation of Hydrogen Sulfide and Hydrogen Iodide; Wee C. Ebaugh, 2 pp 


VOLUME 22 


Ordovician and Silurian Cephalopods of the Hudson Bay Area; ‘Aug. F. Foerste and T, E: Savage. 108 pp., 


24 plates, i map. 
Notes on Phylogeny in Erynnis Schr. (Thanaos Auct.); A. W. Lindsey. a 1 fig. 
The Blue Ridge of Southern Virginia and Western North Carolina; Frank J. Wright. 17 pp., 4 figs., 2 plates. 


Gravels of the Blue Ridge; Frank J. Wright. 3 pp., 1 fig. 


Science ‘and Religion (Address); Robert A. Millikan. "td p 
Forty Years of Scientific Thought Concerning the yy of Life oe Kirtley F, Mather. 11 pp. 
Darwin as a Pioneer in Evolution (Address); George A patil 14p 
Science and Living (Address); C. Judson Herrick. Ip 

Founding of the Denison Scientific Association Alfred D, Cole. 6 pp. 


VOLUME'23 


Articles 1-2, pp. 1-126, January, 1928............cssccessccsccoes 
American Arctic and Related Cephalopods: ‘Aug. 'F. Foerste. 110 pp., 29 plates. 
Apatodonosaurus, a New Genus of Ichthyosaurs from the Jurassic of Wyoming; M.G. Mehl. 16 pp., 2 figs., 


6 plates. 
Some Brachiopods from the St. Clair Limestone, Arkansas. Norman L. Thomas. 13 pp., 1 plate. 
The Phytosauria of the Wyoming Triassic. M.G. Mehl. 32 pp., 9 figs., 3 plates 
A 2 tad of some of the Ordovician and Silurian Cephalopods described by “Vial. Aug. F, Foerste. 58 pp., 8 
plates. 


Hesperioidea from the Kartabo District of British Guiana; A. W. Lindsey. 5 pp., 5 figs 
A Restudy of American Orthoconic Silurian Cephalopods; Aug. F. Foerste. 85 pp., 28 in. 
The Erosional History of the Blue Ridge; Frank J. Wright. 24 pp., 10 plates. 


VOLUME 24 


Hy poparia and Opisthoparia from the St. Clair Limestone, Arkansas: Norman L. Thomas. 26 pp., 1 plate’ 


Ordovician and Silurian of American Arctic and Subarctic Regions; Aug. F. Foerste. 54 pp., 2 plates. 
Location Factors in the Iron and Steel Inaustry of Cleveland, Ohio; Charles Langdon White. 16 pp., 4 figs., 1 plate. 
A Photographic Record of the Total Eclipse of the Moon; Paul Biefeld. 2 pp., 1 plate. 
Basslerina, a New Holliniform Ostracode Genus, with Description of New Pennsylvanian Species from Texas 
and Oklahoma; Raymond C. Moore. 15 pp.,3 plates. 


Some Proparia from the St. Clair Limestone, Arkansas: ‘Norman L. Thomas. 14 pp., 2 2 plates. 


Cephalopods of the Red River Formation of Southern Manitoba; Aug. F. Foerste. 107 pp., 29 plates. 
A Large Fish Spine from the Pennsylvanian of North Central Texas; Raymond C. Moore. 7 pp., 1 plate. 
Location Factors in the Iron and Steel Industry of the Buffalo District, New York; Charles Langdon White. 20pp., 


6 figs. 


Three Studies of Cephalopods; Aug. F. Foerste. 117 pp. ; 33 pla 
A a Genus of Mosasaurs from Mexico, and Notes on the Pelvic ‘Girdle of Platecarpus; M.G, Mehl. 18 pp., 
5 figs., 4 plates. 
Stream Piracy near Asheville, N. C.; Frank J. Wright. 6 pp., 1 fig., 1 plate 
Motor Vehicle Transportation Cost and its Relation to Highway Ticadosi Dewe D. Greenshields. 


$1.50 


6 pp., 1 fig. 


VOLUME 25 


Port By ron and Other Silurian Cephalopods; Aug. F. Foerste. 124 pp., 2 figs., 25 plates. 


The Iron and Steel Industry of Youngstown, Ohio; Charles Langdon White. 22 pp., 7 figs 
New Species of Bryozoans from the Pennsylvanian of Texas; Raymond C. Moore. iz pp., 4 plate. 


Visual Localization in the Horizontal Plane; Winford L. Sharp. 9 pp. 
Petroleum Products for Internal Combustion Engines; Milton Finley. 26 pp., 3 figs. 


NOTE: In accordance with a ruling of the postal authorities it has become 
necessary to change the name of this publication from ‘‘BULLETIN” to “JOURNAL” 
of the SCIENTIFIC LABORATORIES OF DENISON UNIVERSITY. 


$1.25 
ae 
st, 
Jone 
1.50 
$1.50 
ick 
: 
: 


